Policy ReseaRch WoRking PaPeR 4589
This paper examines whether infrastructure investment has contributed to East Asia's economic growth using both a growth accounting framework and cross-country regressions. For most of the variables used, both the growth accounting exercise and cross-country regressions fail to find a significant link between infrastructure, productivity and growth. These conclusions contrast strongly with previous studies finding positive and This paper-a product of the Operations and Policy Unit, East Asia and Pacific Sustainable Department-is part of a larger effort in the department to examine the relationship between infrastructure and economic growth. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The authors may be contacted at stephane. struab@ed.ac.uk, charles.vellutini@ecopa.fr, or mwarlters@worldbank.org. significant effect for all infrastructure variables in the context of a production function study. This leads us to conclude that results from studies using macro-level data should be considered with extreme caution. The Authors suggest that infrastructure investment may have had the primary function of relieving constraints and bottlenecks as they arose, as opposed to directly encouraging growth.
Introduction
Policy-makers in developing East Asia see infrastructure investment as an essential determinant of growth. 1 The two fastest-growing economies in the region, China and
Vietnam, are investing around 10 percent of GDP in infrastructure, and even at that rate they are struggling to keep pace with demand for electricity and telephones, and to install major transport networks. Hopes for a significant contribution to growth in the Greater Mekong countries -Laos, Cambodia, Thailand, Vietnam, Myanmar, and China -are centered on plans for greater integration of transport and energy markets. Since its election in late 2004, the new Indonesian government has made infrastructure a national priority, seeking to restore investment to its pre-crisis level of 5-6 percent of GDP.
The current emphasis on infrastructure draws its inspiration from East Asia's economic history, including the experience of countries such as Japan, South Korea, Malaysia and Taiwan, China, which also made large investments in infrastructure. East Asia's accumulation of infrastructure stocks has outpaced infrastructure investment in other regions (Table 1) . And East Asia's economic growth has outpaced the growth of other world regions.
Between 1975 and 2005, East Asia's GDP increased ten-fold; South Asia's GDP increased five-fold; and all other regions' economies grew by factors of between two and three. 2 For most policy-makers this is no coincidence. Canning (1998) But academics aren't so sure. Perhaps it is East Asia's growth success that has driven the high rate of infrastructure investment, rather than the other way around. In the neoclassical growth model, exogenous shocks, such as new technology, increase the rate of return to capital, inducing investment. Investment increases the stock of capital, thereby reducing the rate of return to capital and restoring equilibrium at the initial capital-labor ratio and a higher level of output.
3 Within this framework, if infrastructure is merely another form of capital with decreasing returns, infrastructure investment does not "cause" long-term growth, it is an inevitable consequence of growth, but the sources of growth must be found elsewhere.
Decreasing returns to infrastructure investment can certainly be observed. For example, electricity supply capacity that exceeds demand growth provides a poor return on investment, as several countries found in the aftermath of the 1997 financial crisis when economies and electricity demand contracted. And most of East Asia's infrastructure investment has occurred as a reaction to emerging constraints. So there are certainly arguments that infrastructure has the same properties as assumed in the neoclassical framework for other forms of capital.
But the neoclassical growth model also assumes that investment responds automatically to changes in rates of return. In fact, most infrastructure services are not provided in freely functioning markets. Government regulation, market power and externalities mean that infrastructure services are rarely provided at prices that represent the cost of inputs or their marginal social value. And infrastructure investments are dominated by government decision-making (e.g. public investment) and regulatory constraints (e.g. spatial planning, environmental considerations, etc). If the link between high rates of return and investment is blocked, the economy will not grow in accordance with the neoclassical model's predictions.
Complete non-responsiveness of infrastructure investment could be a partial explanation for differences in observed long-run growth rates across countries. 4 Mere differences in the speed with which infrastructure investment responds to infrastructure constraints would only affect the speed with which economies return to the long-run equilibrium growth path following a shock, and would not determine countries' long-run growth rates. But for practical policy purposes, such "transitory" growth rates are just as important as long-run growth. In a developing economy with chronic under-supply of infrastructure, transitory growth could conceivably last for decades.
Following this line of argument, infrastructure policies might play a role in explaining East
Asia's relative growth success if East Asia is more effective than other regions in relieving infrastructure constraints as they emerge. A small piece of evidence to this effect may be seen in the results of enterprise surveys (Table 2) , which indicate that new connections are provided to firms more quickly and that service interruptions are lest costly in East Asia than in most developing regions. may not give the same boost to productivity, but it is possible that the larger markets they create facilitates the exploitation of economies of scale within firms, the production of more specialized goods and services, and better and more specialized skills matches between employers and workers. That is, notwithstanding the presence of diminishing returns to infrastructure investment, the creation of infrastructure networks could contribute to the rate of innovation and technological advance in the economy, and thereby lift the long-term growth rate.
An alternative possible source of ongoing growth may lie in knowledge externalities. Cities play an important role in facilitating the exchange of ideas and innovation, and hence advancing the technological frontier. To the extent that infrastructure services affect the efficiency of cities and the effectiveness with which knowledge is shared, infrastructure services may influence the rate of productivity growth. 6 Moreover, this raises the question of whether infrastructure investment should be directed in priority to large urban areas or to lagging regions. It has been hypothesized (Williamson, 1965) , that poor countries would go first through a process of concentration, industrialization and regional divergence, in which infrastructure investment is if anything following development, but that, as congestion in cities becomes too important, a reversed process of deconcentration and regional convergence occurs, which could be sustained by regional infrastructure investment. If these linkages are important, understanding the dynamic of cities should play a particularly important role in analyzing the sources of East Asia's growth. Overall, however, the evidence on the link between urbanization, infrastructure and growth is still very limited. East Asia is one of the least urbanized regions in the world. But its rate of urbanization is one of the fastest and the East Asian mega-cities are comparably large and more densely populated. Average urban densities in East Asia range from 10,000 to around 15,000 persons per sq km -about double the urban densities of Latin America; triple those of Europe; and ten times those of US cities.
On the Williamson's hypothesis, some corroborating evidence has been found for Korea (see Henderson, Shalizi and Venables, 2001) , but more work is still due to guide policies. access to all-weather roads than other developing regions. Access to roads has been shown in numerous studies to have a significant effect on rural poverty (Jacoby, 2000; Gibson and Rozelle, 2003) . Theoretical speculation on the relationship between infrastructure and growth should be tested against empirical observations. Examining 80 econometric specifications from 30 studies using macro-level data, Straub (2007) reports a significant positive effect of infrastructure on output or growth in 56 percent of specifications, no significant effect in 38 percent, and a significant negative effect in 6 percent. Among the studies that do find positive effects there is wide variation in their estimated magnitude.
There are several possible reasons for the variation in empirical results. It seems quite likely that the effects of infrastructure investment do, indeed, vary from location to location, and across different stages of economic development. A further source of variation is the theoretical framework used. Straub (2007) observes that a positive effect of infrastructure on growth is more likely to be detected in studies based on a production function than studies using cross-country regressions. The empirical literature frequently fails to set out the theoretical issues that are being tested so that results may not be strictly comparable, a number of methodological problems are either not considered or cannot be addressed with macro-level data, and above all, aggregate data are simply not adequate to address the important policy issues.
To illustrate this, our paper examines whether infrastructure investment has, indeed, contributed to East Asia's economic growth using both a growth accounting framework and cross-country regressions. Our results are then contrasted with the results of Seethepalli, Bramati, and Veredas (2007) , who use a production function specification to examine the impact of infrastructure on East Asia's growth. With all three methodologies focused on the same region and the same time-frame, any significant findings that recur across methodologies would shed light on whether infrastructure investment has indeed been a cause of economic growth in East Asia.
Two main conclusions emerge. First of all, for most of the variables used both the growth accounting exercise and cross-country regressions fail to find a significant link between infrastructure, productivity and growth. When they do, they produce rather contradictory conclusions, as growth accounting indicates no contribution of infrastructure to productivity in the richer countries (South Korea and Singapore), and some contribution in the relatively poorest countries (of telecommunications in Indonesia and Philippines, and of roads in Thailand), while cross-country growth regressions tend to indicate that the effects are generally negative for low-income countries and positive only for the high-income ones.
Second, these conclusions contrast strongly with those of Seethepalli, Bramati and Veredas (2007) , who find positive and significant effects for all infrastructure variables in the context of a production function study. This leads us to conclude that results from studies using macro-level data should be considered with extreme caution. Given that macroeconomic data give only limited support to the notion that infrastructure investment has driven growth in East Asia, we conclude by speculating on other aspects, in particular the idea that infrastructure investment may have had the primary function of relieving constraints and bottlenecks as they arose.
The structure of the paper is as follows. Section 2 presents the growth accounting exercise.
Section 3 turns to cross-country growth regressions. Finally, Section 4 discusses the results, compares them to other related studies and concludes.
Growth accounting

Methodology
Standard growth accounting
The formal framework of growth accounting is the production function
where Y is aggregate GDP, A is the time-varying total factor productivity (TFP) and K and L are respectively (total) capital and labor. Taking logs and differentiating with respect to time
Assuming that marginal factor productivities equal factor prices, we get the standard formula for growth accounting, where the growth of TFP is computed as the residual between the growth of GDP and the growth of factors:
In this equation Importantly, (3) is typically not implemented through econometric estimation but rather through direct calculation: all the variables on the right-hand side are observed. As reported in
Barro and Sala-i-Martin, (3) has been used in many country-specific studies with the objective of calculating TFP growth.
Growth accounting with infrastructure
Assume, as in Hulten et al. (2005) that infrastructure (denoted X in the following equations) influences output through two channels. First, it impacts TFP through
where Ã is the « true » TFP and η is the elasticity of A with respect to X. Here, infrastructure raises output without any payments by firms for infrastructure services. This channel captures the externality aspect of infrastructure.
Second, infrastructure can enter the production function as an additional production factor:
where K is the stock of non-infrastructure capital.
The presence of infrastructure as one more factor reflects its market-mediated impact, whereby firms pay for infrastructure services.
This leads to:
where X S is the share of GDP that accrues to market-mediated infrastructure and K S~the share of revenue that accrues to non-infrastructure capital.
A few remarks are in order. First,η , the elasticity of TFP with respect to infrastructure, is not observable as it captures the externality dimension of infrastructure: there are no payments involved, and therefore no income and price data can be used. Second, (6) shows that should data on X S be available, that relationship would enable us to disentangle the market-mediated influence of infrastructure from its externality incidence. However, even though in principle the market-mediated part of infrastructure could be tracked by the corresponding payments and prices, in practice data on infrastructure prices are not available in a consistent way for the countries under analysis. In addition, available data on capital do not distinguish between different types of capital, including infrastructure. Instead of having data on K , we have data on K.
Because of this, it is clearer to rewrite to model so as to fit the available data, as:
Finally, the trick is to substitute (3) into (6'), so that we get (appending an error term):
The left-hand side of (7) is TFP growth as computed (not estimated) in the standard growth accounting approach. An alternative route to a full estimation of (6') is thus to estimate the reduced form (7) using the (year by year) results of (3) in terms of TFP growth rates ( A
which is convenient as these are available from standard growth accounting exercises for a number of countries.
Either (7) or (6') provide an estimation of η , the pure externality effect of infrastructure, as opposed to the full elasticity of output with respect to infrastructure. For example, if an estimation of (7) produces a value for η not significantly different from zero, it suggests that infrastructure has no externality role in that particular economy. However, because K includes X, it does not imply that infrastructure is not productive: it is just not more productive than other types of capital.
Finally note that (7) or (6') also provide a basis for estimating A Ã & , the "true" TFP growth.
Data and estimation
There are two main options for estimating (7). One is based on regional panel data, while the other one is a country-per-country approach based on time series data.
The panel estimation technique rests on the assumption that a common production function exists for the Asian countries under analysis, with individual country effects to be controlled for. While this approach has been extensively used with state / provincial panel data for India (Hulten et al. (2005) ), Italy (La Ferrara and Marcellino (2000)) and the US (Holtz-Eakin (1994)), the above assumption is dubious when applied to a set of countries as diverse as those in our sample. We report below tentative panel estimations that confirm such crosscountry heterogeneity.
We therefore give priority to individual country estimations, which more realistically do not assume that there is a common underlying technology for all countries. This has been the approach used by most non-infrastructure growth accounting studies. Country-specific estimations, as opposed to panel estimations, call for longer time series in order to produce efficient estimators. Two sets of long time series can be considered. First, physical indicators of infrastructure stocks have been used in the literature. Canning (1999) uses indicators of telephones lines availability, electricity generating power and length of paved roads and railways to estimate an aggregate production function. This dataset includes time series of usable length for key infrastructures (excluding water) for all countries included in our exercise. Second, it is in theory possible to build time series of infrastructure stocks based on investment data together with the perpetual inventory method -just as time series of K are normally constructed. Unfortunately, in practice financial data on infrastructure (in monetary terms or as percentage of GDP) are scarce for the sample countries. Also, some authors (see Pritchett, 1996) -Electricity generating capacity;
-Total roads (railways and paved roads).
Finally, the TFP growth rates calculated by the Asian Productivity Organization (APO, 2004) for the five countries under analysis have been used as the dependent variable, as in (7). The APO has calculated (not estimated) TFP growth rates following the standard methodology that is, following equation (3) and, in addition, taking into account changes in labor quality.
Results
The main results from individual growth accounting regressions are reported in Table 4 . First, in South Korea and Singapore, which are the two most developed economies in our sample (Figure 1 ), we cannot reject the hypothesis that the coefficients on the three infrastructure variables are zero. Again, recall that the interpretation for this result is not that infrastructure is not productive but rather that there is no evidence from this exercise that it is more productive than other types of capital.
Second, in Indonesia, Thailand and Philippines we report preliminary evidence that some infrastructure variables are significantly more -or less -productive than other types of capital.
In Indonesia, the number of telephones has a positive coefficient of 0.12, significant at the 90% level. This suggests a productivity level above that of the rest of capital, specifically an externality effect expressed as an output elasticity of 0.12. However, in the same country electricity generating capacity appears to be less productive, at the 95% level of significance.
With a R 2 of 0.59, it is interesting to note that the growth of the two significant infrastructure indicators seem to explain a large share of the standard TFP growth. Since the electricity generating capacity variable carries a negative coefficient, it implies that the bulk of TFP growth has rested on the increase in the number of telephones. The estimate of the "true" TFP growth (after accounting for infrastructure growth) is only 0.0430% per year.
In the Philippines, the telephone variable also has a positive coefficient, significant at the 90% level, again supporting externalities from this variable.
The road variable is significant in only one country, Thailand, at the 95% level. But with a R 2 of 0.49, this variable alone explains a lot of the standard TFP growth. The estimate of the true TFP growth is a negative -0.3964% per year -suggesting that roads have been a primary driving force of productivity growth. With 11 observations only in Thailand, however, caution is warranted in interpreting this result.
One possible interpretation for the presence of two groups, with the most developed countries (South Korea and Taiwan, China) exhibiting no specific impact of infrastructure, is that infrastructure is not a binding constraint in these countries because it has been tailored to the needs of the economy, whereas it is in developing countries such as Philippines, Thailand and Indonesia, infrastructure has yet to catch up with the economy's needs and could still be a bottleneck. The negative impact of electricity generating capacity in Indonesia could possibly be interpreted in this context as the result of the instability of infrastructure needs in a rapidly changing economy.
However, this interpretation, which is impossible to test with a sample of 5 countries, is clearly not consistent with the results reported in the next section on growth regressions, which are based on a broader sample of countries. Tables 9 to 12 show that the interaction terms between the Low-Income dummy and infrastructure variables often carry a significantly negative coefficient. This suggests that the explanation for the mixed outcome from our growth accounting regressions could be related to factors which are orthogonal to GDP, for example if the productivity impact of the infrastructure stock is conditional on complementary factors such as the quality of regulation and governance in the sector. 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 
GDP per capita (US$)
Taiwan Korea, Republic of Thailand Indonesia
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The simple OLS specification based on equation (7) has been tested in several directions.
First, the regressions have been tested for the presence of endogeneity. For each country,
Hausman tests using various lags of the explanatory variables as instruments have been performed, all rejecting endogeneity. However, for several countries autocorrelation for some of the exogenous variables is rejected, making the latter invalid instruments for Hausman tests. In those specific cases, we follow the literature 9 in using population and population density (both contemporary and lagged) as instruments for Hausman test, which also leads to the rejection of endogeneity.
Second, time dummies were tentatively introduced as explanatory variables in each of the regressions above. The objective of this introduction was to test for possible time-varying effects on TFP growth, for example the role of the 1997 crisis in Asia. We do not report the results of these estimations as the time variable is never a significant determinant of TFP growth.
Thirdly, the individual country regressions used above have the obvious shortcoming that they cannot account for cross-country variations. Could not pooled data reveal cross-country regularities masked by individual estimations? With the important caveat noted above -a common technology in all five country is a strong assumption -pooled/panel estimations were performed under various specifications. Table 5 reports the outcome of these estimations, with none of the infrastructure significantly different from zero and very low R 2 .
Next, we turn to the results from cross-country regressions.
Growth regression
This section applies growth regression techniques to the study of the link between infrastructure and growth in the case of East Asian countries.
Standard framework
Standard cross-country regressions in general start from a specification that intends to explain real per capita GDP growth by the initial level of real per capita GDP and explanatory factors such as physical investment, human capital (for example proxied by enrollment in different education levels) and additional factors that vary across studies. Indeed, approximately 60 different variables have been used in this abundant literature (Romp and de Haan, 2005) , of which varying subsets have been deemed "robust" by different authors.
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Adding infrastructure capital to this framework yields the following reduced form equation to be estimated: where g i is the growth rate of real per capita GDP for country i, y i0 is initial income (possibly in log form), K I i is a measure of infrastructure capital, and Z i is a vector of covariates as mentioned above.
Data
We opt for physical infrastructure indicators. Three specific reasons support this choice. 11 1. As mentioned above, public investment data are subject to a lot of problems, which make them unlikely to capture infrastructure stock or availability properly.
2. Physical indicators allow for a longer time frame and a higher number of countries.
3. They will allow for direct comparisons with the results from the growth accounting exercise.
Physical indicators for three different sectors (telecom, energy and transport) are taken from Canning's database, covering the 1971-1995 period. Specifically, we use the following series:
• Main telephone lines per 1,000 people. This series is extended up to 2002/2003 using Estache and Goicoechea (2005) .
• Electricity generating capacity in million kilowatt per 1,000 people.
• Rail route length in km per 1,000 people.
• Paved road length in km per 1,000 people.
Additionally, we perform some tests with alternative variables: Telephone mainlines (per 1,000 people) from the World Bank World Development Indicator (WDI), fixed line and mobile phone subscribers (per 1,000 people) also from WDI, to capture the rise in mobile connections in the second half of the 1990s, roads total network and percentage of paved roads from WDI, which is used here as a quality proxy. We introduce additional proxies for 11 See Straub (2007) for a more general discussion of public investment versus physical infrastructure indicators. the quality of the other services under study, namely telephone faults (per 100 mainlines) and electric power transmission and distribution losses in % of output, both from WDI. Other general data include (from WDI, unless mentioned otherwise) measures of GDP per capita, gross fixed capital formation, primary and secondary school enrollment (from Barro and Lee, 2000) , primary and secondary schooling expenditures, government stability and Corruption (from Political Risk Service, International Country Risk Guide), life expectancy, M2/GDP (as a measure of financial development), imports/GDP and inflation.
Sample
We rely on a sample of 93 developing or emerging countries. Of 
Techniques
In what follows we present two types of estimations. First, we perform simple cross country estimations based on the collapsed data set for 1971-1995 or 1984-1995 alternatively, using the rate of growth of GDP per capita as dependent variable and standard controls (initial level of GDP, investment, proxies for human capital). In each case, we instrument potentially endogenous infrastructure indicators and perform related tests. We also test specifications with different set of regional dummies (specific East Asian dummy, income groups), and the alternative infrastructure indicators mentioned above. Table 6 presents the results from cross country regressions with the 1971-1995 averages.
Interpretation
Overall, only the number of telephone lines per hab. is significant, with a positive sign of 0.022. This implies that an increase in 100 lines per hab., from the average level over the period of Venezuela (63) to that of Korea (163) would add 2.2 points to the average growth rate of per capita GDP. All other infrastructure variables are insignificant and the paved roads length one is of the wrong sign. In columns 5 and 6, we add measures of quality of infrastructure, namely the number of telephone faults and electricity losses. These measures are not significant and the main indicators' coefficients are unchanged.
When considering instead the 1984-1995 period, in Table 7 , which in particular enables us to introduce indices of government stability and corruption as additional control variables, we get even less conclusive results. The number of phone lines is now only significant when quality is controlled for and its coefficient is about half of the 1971-1995 one, while the paved roads variable is now negative and significant.
In Tables 8 and 9 , we address the fact that infrastructure stocks may be determined 8 (1971-1995) and 4.7 (1984-1995) . Note however that a Wu-Hausman test does not reject exogeneity in all but one of the 12 estimations.
Next, we test regional effects by interacting the infrastructure indicators with regional dummies. Tables 9 to 13 present the results for telecom, energy, railroad and roads respectively. In each case, we first use an East Asian dummy, then dummies for low and middle income countries respectively.
As for telecom, the group of East Asian countries does not display any significantly different behavior (the coefficient is negative but not significant), while income classification indicates that telecom impact is significantly lower in low income countries, a result that may appeal to Röller and Waverman's (1999) conclusions on network externalities in telecom kicking in at near universal coverage level.
In Table 10 , we observe that the impact of energy is positive and significant for the subgroup of East Asian countries, suggesting that the development of the electric network may have been an important contributor to growth of per capita output during the period. To compare again the same countries as before, the difference between the period average electricity generating capacity of Korea (0.667 million kw per 1,000 hab.) and that of Venezuela (0.376) implies an additional 1.1% per capita GDP growth. As for the level of development, the impact of electricity generation appears lower in low and middle income countries.
In Table 10 , the impact of the railroad network is positive and weakly significant for East Asian countries, and it is again lower for low and middle income countries (actually slightly negative for low income ones). Finally, a similar pattern is repeated in Table 13 with respect to paved roads. Note finally, that in all cases instrumental estimations fail to yield significant results, and that the Wu-Hausman test fails to reject exogeneity in all but one of the 8 specifications tested.
Overall, this exercise seems to provide two main insights. First, East Asian countries display positive and significant returns from infrastructure across most dimensions. Second, a pattern emerges that indicates low or possibly negative returns for low income countries, slightly higher returns for middle income ones and strongly positive returns for the richer countries in the sample. The type of data we use does not allow for a very detailed analysis of this result.
One possibility is simply a network effect type of explanation, although it is not clear how this applies to roads for example. Alternatively, it may be the case that richer countries also display more favorable conditions along other dimensions (better incentive structure, more efficient political interactions) that provide the required conditions for a favorable effect of infrastructure investment.
Finally, we use alternative infrastructure indicators in Table 14 . Using the number of fixed and mobile phone lines, we inquire whether the very quick surge in mobile telephony in the 1990s had a special effect on growth above the effect of traditional main lines, as suggested by Waverman, Meschi and Fuss (2005) In column 3, we combine the total length of the road network and the percentage of paved roads, which results in only the second indicator being significant. This indicates that it is the quality of the road network that mostly provides growth dividends. In column 4, an indicator of the number of vehicles per kilometer of road is added to the specification. This variable now shows up positive and significant at the 5% level, while road length and proportion of paved road fail to be significant. If anything, this seems to indicate that, because it is usage of infrastructure that ultimately drives aggregate growth benefit, a proxy for the average use of roads capture the benefits from the extension and the quality of the network. Again, IV estimations yield no clear results and endogeneity is rejected.
Next, we perform panel estimations using 5 year averages of the different indicators. The results from fixed effects vs. random effects estimations are shown in Table 15 , and a Hausman test is performed to decide which estimation technique is more suited. In all cases, a full set of time dummies is included. The main conclusions are that none of the infrastructure indicators introduced individually is significant, except negative and significant signs for electricity in the random effect specification and for paved roads in the fixed effects one respectively. Fixed effect estimations are supported by the test in 2 out of 4 cases (telecom and roads).
In columns 9 and 10, we introduce all four indicators together. The number of phone lines is positive and significant, while electricity and roads remain negative and significant. In this case, the Hausman test favors fixed effect estimation. Again, the interpretation of the signs of the coefficients, and especially the negative ones, is made difficult by the nature of the data.
Several lines may be relevant, among which an "optimal stock" type of argument (returns may become negative in case of over accumulation), or arguments about investment decisions being politically driven and therefore departing significantly from efficiency.
In Table 16 
Conclusion
Our results on growth accounting are mixed: in Indonesia and the Philippines telecommunications investment has generated externalities and has contributed to growth more than other types of capital. Roads have positively influenced TFP growth in only one country, Thailand. In South Korea and Singapore, however, two countries which have markedly higher GDP than the other countries in the sample, no significant effect of infrastructure on TFP growth has been detected.
Our cross country growth regressions provide relatively fragile results on the impact of infrastructure in per capita GDP growth, a conclusion that contrasts with previous studies that found robust results (Easterly and Servén, 1993; Calderón and Servén, 2004 among others) .
The number of phone lines appears positively related to growth in the cross country exercise, and some regional patterns emerge, showing above average effects for East Asia and high income countries. However, most results appear not to be robust when using panel techniques or when controlling for an endogenous response of infrastructure to growth.
Our growth accounting estimates indicate that infrastructure has contributed to TFP growth in poorer countries, while having no significant effect in other, richer economies. A possible explanation would be that poor countries have less developed infrastructure networks, and experience a one-off productivity dividend as they develop those networks. But in our crosscountry growth regressions, which draw on data extending beyond East Asia, the interaction terms between the Low-Income dummy and infrastructure variables (Table 10 to Table 13) carry significantly negative coefficients. This suggests that the explanation for the mixed 12 Finally, we perform Arellano-Bond IV estimations similar to the one implemented in Calderón and Servén (2004) . Two types of instruments are used: internal ones, constituted by the lagged values of the differenced explanatory variables including infrastructure indicators, and the external ones used above, namely 1971 values of the share of agriculture in GDP, population, and population density. Only electricity generating capacity is significant, and its coefficient is negative. Results are not shown here to save space. outcome from our growth accounting regressions could be related to factors which are orthogonal to GDP, such as government policies and the quality of regulation and governance.
The two results could be reconciled with a growth story in which infrastructure constraints, if left unaddressed by governments, can slow the transition towards the long-run growth path, but do not ultimately affect the long-run rate of growth. Governments of poor countries in East Asia may do a better job of addressing these constraints than governments of poor countries elsewhere.
It is interesting to compare our results with those of Seethepalli et al (2007) . As in , these authors compare a "benchmark" (without infrastructure) production function estimated at the steady state with the same specification including infrastructure variables (these include physical indicators for telecom, electricity, roads, sanitation and water).
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Using data for East Asian countries 14 , they find that virtually all dimensions of infrastructure positively influence GDP per capita when controlling for education and investment. The cross-country regressions have similar controls, while our growth accounting estimations both investment and changes in the quality of labor are captured in the APO calculations of TFP growth rates, making comparison meaningful. Our growth accounting results in the Philippines, Indonesia and Thailand tends to support their result that telecom and road infrastructure enhances productivity conditional on investment and education, but not so for electricity. But our results from South Korea and Singapore, where no infrastructure impact has been found, suggest that individual countries could be at variance with the cross-country results of Seethepalli et al (2007) . And our growth regressions provide much weaker results than those obtained by Seethepalli et al. One of the reasons might be the fact that they do not control for the potential endogeneity of infrastructure stocks. While they argue that the use of stocks rather than flows mitigates the problem of reverse causation, countries may have unobserved characteristics that lead them both to have higher infrastructure stocks and higher growth. The fact that fixed effects estimations are not carried out reinforces the concern that this may bias the results (Holtz-Eakin, 1994) .
A first conclusion is therefore that the results from studies using aggregate data lack robustness, Indeed, as shown above, different techniques (production function, growth regressions, growth accounting) produce very different results, even when looking at similar set of countries. Moreover, similar techniques, when applied to slightly different samples, also fail to produce consistent results. For example, we were unable to reproduce the results from Calderón and Servén (2004) in our sample of 93 developing countries.
Keeping these caveats in mind, what are the potential lessons for East Asian economies?
Overall, our results give only limited support to the notion that infrastructure investment has driven growth in East Asia. Our results do not seem to be inconsistent with a story in which infrastructure can constrain growth, when that growth potential is generated exogenously, and that East Asian countries have been relatively successful in addressing infrastructure constraints as they arise. But the weakness of our data and results do not permit any definitive conclusions about the theoretical channels by which infrastructure may have influenced growth in East Asia.
If indeed East Asia is more effective than other regions at responding to infrastructure constraints it would be useful to understand why. Various arguments could be mounted. For example, East Asia has high levels of savings, and the availability of financing may facilitate more rapid responses. East Asian countries have typically relied on powerful planning agencies, such as Japan's MITI, etc. And to the extent that private investment in infrastructure has played a role in total investment, it is notable that the modalities employed in East Asia have differed from those employed elsewhere: for example, while East Asia focused on attracting investment at the wholesale level and greenfield sites (eg independent power producers), Latin America placed greater emphasis on the concessioning of existing retail systems. Testing such hypotheses is a subject for separate enquiry. Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1%. Instruments: see Table 3 and 4. Standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1%. Full set of period dummies included. Standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1%. Instruments: Lagged infrastructure, agri/gdp71, population density 71, population 71. Full set of period dummies included.
